Reason and emotion have long been considered opposing forces. However, recent psychological and neuroscientific research has revealed that emotion and cognition are closely intertwined. Cognitive processing is needed to elicit emotional responses. At the same time, emotional responses modulate and guide cognition to enable adaptive responses to the environment. Emotion determines how we perceive our world, organise our memory, and make important decisions. In this review, we provide an overview of current theorising and research in the Affective Sciences. We describe how psychological theories of emotion conceptualise the interactions of cognitive and emotional processes. We then review recent research investigating how emotion impacts our perception, attention, memory, and decision-making. Drawing on studies with both healthy participants and clinical populations, we illustrate the mechanisms and neural substrates underlying the interactions of cognition and emotion.
Introduction
The functioning of the human mind has often been characterised as a battle between opposing forces: reason, rational and deliberate, versus emotion, impulsive and irrational. This way of thinking can be traced back to Plato, who described the human soul as divided into cognition (what we know), emotion (what we feel), and motivation (what we want), and has been further developed by philosophers such as René Descartes ("Les passions de l'âme") and David Hume ("A treatise of Human Nature"). For a long time, the notion of the opposition of cognition and emotion has been guiding much research in psychology. Cognitive functions -such as perception, attention, memory, or decision-making -have been investigated without taking into account emotion, which was considered as interference that is counterproductive for the correct functioning of the cognitive system. After a long time of neglect, the last two decades have seen an enormous increase in research on emotion, highlighting the importance of emotional processes for a successful functioning of the human mind. For example, neuropsychological studies have shown that patients with emotional dysfunctions due to brain lesions can be highly impaired in everyday decision-making and social interactions. Neuroimaging studies have demonstrated how brain regions previously thought to be purely "emotional" (e.g., amygdala) or "cognitive" (e.g., frontal cortex) closely interact to make complex behaviour possible. Psychology experiments have illustrated how emotion can change our perception, attention, and memory by focusing them on important aspects of the environment. This research has revealed to what extent emotion and cognition are related, or even inseparable. In this review, we provide an overview of current theorising and research in the Affective Sciences. We begin by describing how current psychological theories of emotion conceptualise the intertwined functioning of cognitive and emotional processes. We then review recent research on how emotion impacts our perception, attention, and memory, and on the role of emotion in decision-making. Drawing on studies with both healthy participants and clinical populations, we illustrate the psychological mechanisms and the neural substrates that underlie the interactions of cognition and emotion.
What is an emotion?
Donald Hebb wrote that man is the most emotional of all animals, referring to the fact that the degree of emotionality increases across species with the development of more sophisticated nervous systems [1] . This observation suggests that emotion may perform an adaptive function that requires a certain degree of processing complexity. We have previously theorised that the function of emotion is to decouple stimulus and behavioural response, thus allowing for a flexible adaptation to environmental contingencies [2] . A reflex or a fixed action pattern inflexibly links a certain stimulus to a response, whereas an emotional response creates a latency time during which physiological responses can be initiated and several appropriate action tendencies can be prepared while the situation is further analysed. Thus, the organism benefits from a more thor-ough appraisal of the situation, but does not lose time as potential responses are already prepared and can be executed rapidly. We define emotion as an event-focused process consisting of (a) specific elicitation mechanisms based on the relevance of a stimulus that (b) shape an emotional response instantaneously across several organismic subsystems, including motivational changes (changes in action tendency, such as approach versus withdrawal), physiological changes (e.g., heart rate, skin conductance), changes in motor expression (in face, voice, and body), and changes in subjective feeling [3, 4] . Emotions are elicited as the individual continuously evaluates objects, events and situations with respect to their relevance for his/her needs, goals, values, and general well-being (appraisal). The detection of a relevant event elicits an adaptive emotional response that mobilises resources that allow the individual to cope with the situation. Psychological appraisal theories of emotion more specifically describe the evaluation process that underlies the elicitation of emotion. For example, the Component Process Model of Emotion [4] [5] [6] [7] organises appraisal into four sequential objectives that concern the major types of information required to adaptively react to a salient event ( fig. 1 Comprehensive illustration of the Component Process Model. The model assumes that the appraisal process is organised in a sequence of four appraisal objectives. Each appraisal outcome leads to changes in the other emotion components (physiology, action tendency, motor expression, and subjective feeling, as illustrated by the descending arrows). The ongoing appraisal process furthermore interacts with other cognitive functions. For example, minimal attention needs to be given for appraisal to start, but a relevance outcome will immediately deploy further attention to the stimulus. The model thus allows a detailed consideration of the effects of emotional processes on attention, memory, and other cognitive processes (as illustrated by the arrows in the upper part of the figure). Finally, changes in the other emotion components may also influence cognitive functions (as illustrated by the red ascending arrows), for example by increased memory consolidation via increases in physiological arousal, which may in turn influence the processing of appraisal criteria.
spect to my self-concept and to social norms and values? The appraisal outcome organised according to these criteria drives the response pattern consisting of physiological reactions, motor expressions, and action preparation. Importantly, the appraisal of a given event may be highly subjective and a function of individual characteristics and the specific situation, which explains that different people may react to the same situation with different emotions, and the same person may react with a different emotion each time when exposed to similar situations [8, 9] . This model illustrates the rich interactions of emotion and cognition, as the computation of the different appraisal criteria requires the contribution of many cognitive processes for the comparison of stimulus features to stored affective schemata, memory representations, expectations and motivational urges. At the same time, the outcome of the appraisal computation modulates cognitive functions. For example, the appraisal of a stimulus as "relevant" causes rapid allocation of attention toward this stimulus [10] . Similarly, emotionally relevant information is prioritised in memory, potentially via increases in autonomic physiology (arousal) as a consequence of stimulus appraisal [11] . Thus, an emotional episode is characterised by a high interdependence between the organismic subsystems that constitute an emotional response and important cognitive functions with their underlying neural circuits [12, 13] . We will now illustrate in more detail how cognitive functions such as perception, attention, memory and decisionmaking are modulated during the course of an emotional response.
The impact of emotion on perception and attention
In our everyday environment, we are constantly confronted with large amounts of incoming sensory information. As the capacity of our brain is limited, we cannot process all information entering our senses thoroughly, but have to select a subset to prioritise its processing at the cost of other information. The competition for neural processing resources, in-depth analysis and preferential access to conscious awareness is organised by dedicated attention systems [14] . Distinct functional subprocesses of attention have been put forward, and their respective properties have been isolated using both behavioural and brain-imaging methods. Low-level properties such as the physical intensity of a stimulus may trigger an automatic, reflexive orienting, referred to as exogenous attention. In contrast, stimuli that are important to the current behaviour of the organism (e.g., when searching for one's keys, or trying to find a friend in a crowd) are selected by a voluntary top-down deployment of endogenous attention, driven by implicit or explicit expectations for a specific object or location. According to a recent neurocognitive model of attention, both endogenous and exogenous attention primarily implicate frontoparietal networks of cortical regions [15] , with endogenous attention control being exerted by interactions of dorsal regions such as the intraparietal sulcus and the frontal eye fields, and the exogenous reorienting of the attentional focus mediated by ventral regions in the right hemisphere such as the right ventral frontal cortex and temporoparietal junction. In addition to endogenous and exogenous attention mechanisms, the emotional relevance of a stimulus constitutes another important feature influencing attentional selection and prioritisation [emotional attention, see 16] . Behavioural findings across many different tasks and paradigms indicate that perception is facilitated and attention prioritised for emotional information. Emotional stimuli may draw attention more rapidly and impede attentional disengagement for a longer time than neutral stimuli. For example, in visual search tasks, the detection of a target among distractors is faster when the target is emotional, as opposed to neutral [17] . Once attention has been drawn to and engaged by emotional stimuli, it may dwell longer at their location and facilitate the processing of subsequent non-emotional target stimuli appearing at the same location. Such emotional orienting effects have been demonstrated using the dot probe task, where participants respond to a target stimulus that replaces one of two simultaneously presented cuesone being emotionally significant (e.g., a fearful face) and the other neutral. Typical results show faster responses to targets replacing the emotional rather than the neutral cue [18] . Emotional cueing may not only lead to faster detection times, but also directly augment our perceptual capacity by increasing contrast sensitivity for the subsequent target [19] . Thus, emotion processing does not only enrich our experiences with affective flavour, but can directly shape the content of our percepts and awareness [20] . These effects operate not only in the visual, but also in the Schematic illustration of brain areas involved in selected cognitionemotion interactions. The amygdala (AMY) has widespread reciprocal connections with many cortical regions, including perceptual pathways (primary visual cortex, V1, inferior temporal cortex, TE), memory-related regions (hippocampus, HIP), and prefrontal regions (orbitofrontal cortex, OFC, prefrontal cortex, PFC). This connectivity enables the amygdala to receive rich sensory information and to strengthen the neural representation of emotional stimuli via feedback to sensory pathways, attentionrelated regions (PFC and parietal lobe, PAR), and memory regions. In addition, multiple connections to prefrontal areas relay amygdala input to regions involved in more deliberate forms of decisionmaking and allow for modulations of amygdala activity based on more complex motivational contingencies. Thus, following amygdala activation, multiple brain systems can dynamically reorganise to appropriately deal with the current environment.
auditory modality [21] and even across sensory modalities, suggesting that the prioritisation of emotionally relevant stimuli is organised supramodally across multiple sensory channels [22] . Attentional biases can be dysfunctionally exaggerated in clinical populations, for example in patients with anxiety disorders who show especially strong attentional capture by threatening information [23] . Brain imaging studies using fMRI have consistently revealed increased neural responses to many different emotional stimuli, both in early sensory areas [24] and in higher-level regions associated with body [25] , face [26] or voice [21] recognition. Thus, emotional stimuli are represented by more robust neural signatures than neutral ones, and can consequently profit from preferential access to further cognitive processing, behaviour control and awareness. It has been suggested that the prioritisation of emotional information is driven by dedicated neural circuits, centred on the amygdala, and partially separate from the frontoparietal networks involved in endogenous and exogenous attention allocation [16, 27] . The amygdala is a limbic region that is critically involved in the processing of emotional information. Whereas the amygdala has long been thought of as a module specialised for the processing of threat [28] , more recent proposals have suggested that the amygdala subserves the rapid detection of the relevance of a stimulus for the needs, goals, and values of the organisms [29, 30] . Once the amygdala has determined the relevance of incoming sensory stimuli, it may then modulate the processing of these stimuli through direct feedback projections to sensory cortex and biasing signals to fronto-parietal attention regions [27, 31] . Consistent with this suggestion, several brain imaging studies have reported that cortical increases to emotional stimuli were significantly correlated with amygdala responses; i.e., the more the amygdala was sensitised to the emotional meaning, the more modulation was observed in sensory areas [24] . Patients with medial temporal lobe sclerosis leading to amygdala damage do not show the cortical increases to emotional information, which supports a causal role of the amygdala in the boosting of the neural representation of emotional information [32] . The amygdala may not only have a direct impact on sensory cortices, thus augmenting the neural representation of the emotional stimulus, but it may also recruit fronto-parietal attention networks toward the location of the stimulus, so that subsequent information arising at the same location as emotional cues will benefit from enhanced processing resources. Thus, emotion modulates our perception and attention by privileging stimuli that are especially emotionally relevant [10] . This mechanism may help us organise the perception of our environment depending on our current needs, goals and values. The automatic detection of emotionally relevant events allows unexpected, but emotionally relevant events to be noticed readily and, once detected, become the focus of attention, evaluation, and action.
The impact of emotion on memory
Memories of emotional events have a persistence and vividness that other memories seem to lack. Abundant examples for this are found in the literature, for example in Similarly, we all have intense and detailed memories of events such as the birth of a child or the death of a loved one. The psychologist William James wrote that "an impression may be so exciting emotionally as almost to leave a scar upon the cerebral tissues" [33] . One of the most important neural regions underlying memory processes is the hippocampus, situated in the medial temporal lobe. Patients with lesions of the hippocampus suffer from amnesia, having difficulties remembering old memories or forming new ones [34] . The hippocampus is situated adjacent to the amygdala, which, similar to its role in attention and perception, can modulate the neural circuitry underlying memory processes during emotional situations. Thus, in addition to its important role in the acquisition and expression of implicit fear [35] , the amygdala is central to the processing of explicit emotional memories via its interactions with hippocampal memory formation. Memory processing can be divided into three stages: Encoding (the processing of information at the moment of perception), consolidation (the storage of information in the brain), and retrieval (the moment of remembering). Emotion can have a modulating effect at each of these stages [36] [37] [38] [39] . As outlined in the previous section, perception and attention are focused on emotionally relevant information, which may result in preferential encoding of the emotional information [37] . As a further consequence, less attention is directed toward peripheral information, so that during encoding the emotional core aspects of a scene are well memorised, whereas the details of the surrounding context may be neglected. One example for this is the "weapon focus"; the presence of a weapon in a scene results in a good memory for the details of the weapon and other stimuli in close proximity, but a poor memory for the other details of the scene such as the face of the aggressor [40] . The storage of information in memory is not terminated immediately after encoding. It takes some time for memory traces to stabilise in a consolidation process which depends largely on the hippocampus [11] . During the consolidation phase, memories are fragile and prone to disruption and modification. The memory trace representing an event can be strengthened (in this case, the memory will be remembered later) or weakened (in this case, the memory is forgotten or distorted). Emotion may modulate this consolidation process: A strong emotional response elicits physiological arousal by which the amygdala can modulate hippocampal activation, leading to an augmentation of specific memory traces [36] . Via this mechanism, emotionally relevant events can profit from a stronger consolidation, which increases the possibility that the event is remembered later. This enhanced consolidation may occur some time after the encoded event, making a retrospective reinforcement of emotional memory content possible. Thus, events that contain important information for the well-being of the organism may be privileged in memory, and as a consequence, be retrieved and used to plan behaviour in the future [41] . Finally, emotion can augment the subjective sense of recollection (independent of the correctness of the memory), which can increase the confidence we have in our memories. The vividness of the memory of emotionally relevant events is often taken as an indication that the memory is accurate. For example, many of us have very vivid memories of the circumstances under which we learned about the terrorist attacks on the World Trade Center in Manhattan in 2001. However, when a group of participants were asked to write down the exact circumstances on the day after the attack, and a few months later were asked to recall the situation, it was found that their memory had deteriorated to a similar extent as it did for neutral events. However, in contrast to neutral memories, participants were convinced that their emotional memories were correct, reflecting an increased sense of recollection [42] . At the neural level, an increased sense of recollection for neutral scenes is related to higher activation in the parahippocampus (which indeed reflects better memory performance for details of the situation), whereas for emotional scenes, the sense of greater recollection (but not necessarily better memory performance) is related to increases in amygdala activation [39] . Interestingly, the enhancement of the subjective recollective experience by emotion is more robust and consistent than its enhancement of accuracy for objective details. Whereas this seems not very adaptive at first glance, it may actually help us to react more efficiently in time-critical situations. In new or uncertain situations, we use memory information about similar previous situations to guide our thoughts and actions. In situations that require a rapid response, for example when confronted with an immediate threat, a hesitation to use a memory we are unsure about may be very costly. Enhanced confidence in memories from emotionally charged situations may lead to faster action in critical situations, even if the details of the memory are not absolutely accurate [38] .
The impact of emotion on decisionmaking
According to the rational worldview, we base our decisions on logic: Whenever we are faced with a choice, we evaluate the options, weigh the possible consequences and their probabilities, and then choose the option with the highest utility. However, recent research has shown that emotion is central to the decision-making process, both as an input and an output [43] . Decisions and their consequences result in emotions (such as joy, relief, regret, or disappointment), and many of our choices are guided by the experience of these emotions or the anticipation of the emotions that may be elicited [interestingly, however, we are not very good at predicting which emotions we will feel in the future, see 44] . Recent neuroscientific studies show that emotion can help us make very "rational" choices, especially under complex conditions when the outcomes are uncertain. Brain-damaged patients with lesions of the ventromedial prefrontal cortex often show actions that are detrimental to their wellbeing, leading to financial losses, to losses in social standing, and to conflicts with family and friends. These patients show flat affect, i.e., reduced emotional reactivity to many types of events, reduced physiological reactivity and a very limited interoception of their bodily responses, whereas their intellect and problem-solving abilities remain largely intact [45] . Together, these observations have led to the hypothesis that emotions may play an important role in guiding our decisions. Congruent evidence has been obtained with the Iowa Gambling Task [46] . In this card game participants pick cards from four different decks (A, B, C, and D). With each card, they can win or lose certain amounts of money. Critically, and unknown to the participants, two card decks are more advantageous than the others: In decks A and B (the "bad decks"), there are some cards that lead to Schematic illustration of the stages of decision-making and the impact of emotion. When faced with a choice, we evaluate the options, weigh the possible consequences and their probabilities, and choose an option, and are confronted with the consequences. Expected emotions may influence our evaluation of behavioural options (for example, I may expect to be very happy once I buy the new luxury car, or I may have a gut feeling that it's better to avoid a certain car dealer) and thus inform the choice at hand. Once a decision has been taken, the immediate consequences will also elicit emotions such as joy, relief, regret or disappointment, which may inform future choices or lead us to modify our current choice. a substantial gain (100 USD), but there are also cards that lead to huge losses (minus 1,250 USD). Decks C and D (the "good decks") contain cards that leads to smaller gains (50 USD), but also losses that are less severe (minus 250 USD). Thus, even if at first selecting decks A and B can lead to faster financial gains, in the long run, the good strategy is to select cards only from decks C and D. Healthy participants quickly develop a preference for the good decks, while showing stronger anticipatory skin conductance responses whenever choosing from the bad decks. In contrast, participants with lesions of the ventromedial prefrontal cortex usually do not manage to "read" the game: they keep choosing cards from the bad decks until the end of the game, and do not show increased skin conductance responses [47] . According to the somatic marker hypothesis [48] , our choices and decisions are informed by bodily reactions that are triggered by emotion. These so-called somatic markers are body states that have been elicited by rewards or punishments in the past and been associated with certain situations or choices. When a person is deliberating several behavioural options, the physiological reactions associated to previous choices are re-enacted or anticipated in ventromedial prefrontal cortex, and may inform the current decision, e.g., by helping us reject less advantageous options. Whereas the somatic marker hypothesis is very influential and has inspired a large amount of research, it has nevertheless been criticised on the grounds that the causal role of peripheral feedback for decisions in the gambling task has not yet been convincingly demonstrated [49] . In a functional neuroimaging study investigating the brain bases of the impact of emotion on decision-making, we have recently asked our participants to distribute a monetary amount between themselves and a charitable organisation (they could choose between Greenpeace, Amnesty International or the Red Cross). In each of 100 trials, participants chose between an altruistic behaviour (giving money to charity) or an egoistic behaviour (keeping the money for themselves). Selfish participants, i.e., participants who donated little or no money to charity, showed increased BOLD signal in the amygdala and the ventral striatum, two neural regions that represent the reward value of a stimulus, when deciding to keep money for themselves. These affective responses may bias the choices of the participants toward more selfish behaviour at the cost of the charitable organisations [50, 51] . However, emotion may also help us ensure the long-term interests of the society by controlling individuals who behave too egoistically. In the Ultimatum Game, a game widely used in neuroeconomic experiments, one player (the proposer) receives an amount (e.g., 20 CHF) from the experimenter and has to propose a way of sharing the money between himself and the second player (the responder). The proposer can make any offer to the responder, from sharing equally (10:10) to keeping everything for him-or herself (20:0). However, in the next step the responder can either accept or reject the offer. If the responder rejects, neither the proposer nor the responder will get anything. A responder that acts on a strictly economic and rational basis would accept any offer larger than 0 (even a 19:1 split), because receiving 1 CHF is better than receiving nothing. However, this is not what is observed in studies all around the world [52] : Very frequently, responders reject offers of 5 CHF or less, as they perceive these offers as unfair. Thus, the personal financial gain is sacrificed to punish the unfair proposer. The perception of unfair offers is accompanied by increased activation in the anterior insula, a brain region involved in the representation of bodily changes and emotions such as disgust [53] . In fact, the more a responder's insula is activated by an unfair offer, the more likely the responder will reject the offer. Economists have termed the foregoing of an individual gain in the interest of the group altruistic punishment. It has been shown that groups that apply altruistic punishment to keep free riders in check function much better in the long run [54] . Furthermore, it has been shown that altruistic punishment goes along with an activation of the striatum, which is involved in the representation of subjective reward in the brain [55] . Thus, even though altruistic punishment involves financial costs, it is nevertheless perceived as rewarding and thus can ensure the long-term collaboration at the group level. These "emotional" responses can be more "rational" than decisions purely based on (economic) reason.
Conclusions
Our review of recent research from the Affective Sciences shows that the duality of reason versus emotion that has been propagated for a long time is not reflected in the architecture of the brain and the functioning of the mind. Emotion and cognition are closely intertwined, complex human behaviour emerges from dynamic interactions between multiple processes and brain networks. Emotion determines how we perceive our world, how we remember it, and which decisions we take. Like any other complex system, emotion may go awry, as illustrated for example by exaggerated attentional bias to threat in anxiety [23] or preferential memory for negative events in depression [56] . However, when functioning normally, emotion should be considered as useful guide, far from being irrational, that helps us navigate our complex environment. 
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Figure 1
Comprehensive illustration of the Component Process Model. The model assumes that the appraisal process is organised in a sequence of four appraisal objectives. Each appraisal outcome leads to changes in the other emotion components (physiology, action tendency, motor expression, and subjective feeling, as illustrated by the descending arrows). The ongoing appraisal process furthermore interacts with other cognitive functions. For example, minimal attention needs to be given for appraisal to start, but a relevance outcome will immediately deploy further attention to the stimulus. The model thus allows a detailed consideration of the effects of emotional processes on attention, memory, and other cognitive processes (as illustrated by the arrows in the upper part of the figure). Finally, changes in the other emotion components may also influence cognitive functions (as illustrated by the red ascending arrows), for example by increased memory consolidation via increases in physiological arousal, which may in turn influence the processing of appraisal criteria.
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Figure 2
Schematic illustration of brain areas involved in selected cognition-emotion interactions. The amygdala (AMY) has widespread reciprocal connections with many cortical regions, including perceptual pathways (primary visual cortex, V1, inferior temporal cortex, TE), memory-related regions (hippocampus, HIP), and prefrontal regions (orbitofrontal cortex, OFC, prefrontal cortex, PFC). This connectivity enables the amygdala to receive rich sensory information and to strengthen the neural representation of emotional stimuli via feedback to sensory pathways, attentionrelated regions (PFC and parietal lobe, PAR), and memory regions. In addition, multiple connections to prefrontal areas relay amygdala input to regions involved in more deliberate forms of decision-making and allow for modulations of amygdala activity based on more complex motivational contingencies. Thus, following amygdala activation, multiple brain systems can dynamically reorganise to appropriately deal with the current environment.
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Swiss Med Wkly. 2013;143:w13786 Schematic illustration of the stages of decision-making and the impact of emotion. When faced with a choice, we evaluate the options, weigh the possible consequences and their probabilities, and choose an option, and are confronted with the consequences. Expected emotions may influence our evaluation of behavioural options (for example, I may expect to be very happy once I buy the new luxury car, or I may have a gut feeling that it's better to avoid a certain car dealer) and thus inform the choice at hand. Once a decision has been taken, the immediate consequences will also elicit emotions such as joy, relief, regret or disappointment, which may inform future choices or lead us to modify our current choice.
